autoclaved) in a 9 cm Petri dish. Sufficient pilei were mounted for complete coverage of the 135 Petri dish, and left for 3-6 h. The agar bearing visible spore prints was scraped into a 2 mL 136 centrifuge tube, gently homogenized, and adjusted to 10 6 spores mL -1 . 137 Plants were grown in pots of peat-based compost. Cacao (Theobroma cacao cv. Comum) 138 was inoculated at two months old. Tomato (Solanum lycopersicum cv. Ailsa Craig) plants were 139 inoculated at 10-14 days old. Spore suspensions (20-40 µL) were placed onto apical buds and 140 the top three axillary buds. A second inoculation was applied after 3 days. Controls were 141 mock-inoculated with spore-free agar. Inoculated plants remained 2-3 days in a warm 45°C), humid micro-climate in trays of 1 cm-deep water covered with clear plastic hoods and 143 placed over heating pipes. The hoods were then removed, and the plants kept in a warm 45°C) glasshouse with saturating relative humidity.
145
Protein extraction 146 Each strain was extracted in biological triplicates (i.e., three culture experiments). Freeze-dried 147 mycelial samples were ground with mortar and pestle, cooled on ice with 2 mL extraction 148 buffer, containing 16 mM K 2 HPO 4 , 4 mM KH 2 PO 4 , 1% Triton, 33 mM dithiothreitol (DTT), 149 18.8 µM EDTA and 1 mg mL -1 protease inhibitors (Roche, UK), then centrifuged (21,000 g, 30 150 min, 4°C). One volume of ice-cold 20% trichloroacetic acid in acetone was added to the 151 supernatant. Proteins were precipitated (-20°C, 1 h) and centrifuged (21,000 g, 15 min, 4°C).
152
The pellet was washed twice in ice-cold acetone using sonication followed by repeat The 2-DE gels were stained using Coomassie Phastgel Blue R-250 (GE Healthcare, UK), 168 and their images were scanned on a GS-800 calibrated imaging densitometer (Bio-Rad, UK), 169 and imported into Progenesis PG220 v2006 software (Nonlinear Dynamics, UK). Following 170 automated spot detection, manual editing of boundaries was performed on a single 'reference' 171 gel (one of the APC3 triplicates) with the greatest number of visible spots. A few landmark 172 spots were 'locked' to match other gels to the reference in Progenesis 'warping' mode. Then 173 spot matches were performed manually, using a consistent small threshold. Spot numbers were 174 then automatically synchronized, before background subtraction using the 'mode of non-spot' 175 method, and normalization of spot volumes using total spot volume multiplied by total area.
176
Unmatched spots were then reviewed using the 'difference map' and, if added, the background 177 subtraction and normalization were repeated.
178
For the multivariate analysis presented in Results, each gel, regardless of strain or 179 experiment, was matched to the single APC3 reference gel as described above. This was 180 deemed a non-biased strategy for strain discrimination, rather than creating a master gel from 181 averaged gels of each strain. For comparison, the numbers of matched spots per gel using both 182 alternatives are shown in Supplementary Table 1 198 cooling), and the pooled eluates dried in a vacuum centrifuge. The resulting peptides were 199 resuspended in 10 µL of 5% acetonitrile /0.05% trifluoroacetic acid.
200
Peptides from digested protein spots were desalted using C18 ZipTips (Millipore, UK) 201 according to the manufacturer's instructions. Samples were loaded into gold coated nano-vials 202 and sprayed under atmospheric pressure at 800-900 V in a Q-Tof-1.5 hybrid mass spectrometer 203 (Waters, UK). From full scan mass spectra, ions were identified as possible tryptic peptides.
204
Tandem (MS/MS) mass spectra, obtained for these ions by collision-induced dissociation 205 (using argon collision gas), were recorded over m/z 80-1400 Da with scan time 1 s. MassLynx 206 v.3.5 ProteinLynx (Waters, UK) was used to process raw fragmentation spectra. Each 207 spectrum was combined and smoothed twice by the Savitzky-Golay method at ±3 channels, 208 with background noise subtracted at polynomial order 15 and 10% below curve. Monoisotopic 209 peaks were centred at 80% centroid setting. Peak mass lists for each spectrum were exported in 210 .dta format, and spectra common to each 2-DE spot concatenated into a single MASCOT 211 generic format (.mgf) file using the merge.pl Perl script (www.matrixscience.com). Merged Supplementary Table 2 . 235 We found that colony expansion rates varied considerably between isolates (Fig 1) . The 236 dense colonies of YB2 were extremely slow-growing (1.0 mm d -1 between days 9-13 of 237 culture). The fastest growth was exhibited by the Brazilian S-biotype APS1 (3.2 mm d -1 ).
238
Among C-biotypes, the Brazilian Cast1 grew fastest (2.7 mm d -1 ), followed by APC3, PichiE 239 and RNBP1 (2.4-2.5 mm d -1 ). Relatively slow-growing isolates were the Trinidadian C-biotype 240 GC-A5 (2.0 mm d -1 ), and the Brazilian S-biotype WMA5 (1.9 mm d -1 ).
241
Comparative virulence of C-and S-biotypes 242 We sought to confirm the host specificities of S-and C-biotype strains using plant infections.
243
Infective spores of the S-biotype isolates (WMA5 and APS1), and of the APC3 and Cast1 C- surface. Maximum pileus diameter was greatest in APC3 (3.3 cm), and smallest in APS1 (2.2 253 cm). All four strains displayed a range of pink to crimson pigmentation on pilei, gills and 254 stipes, as shown in Supplementary Fig 1. No basidiome characters specific to either C-or S-255 biotype were identified.
256
Spores collected from the ex planta basidiomes were used to infect young cacao and tomato 257 plants, respectively putative hosts for the C-and S-biotypes ( Fig 2) . All cacao plants 258 inoculated with the C-biotype APC3 (n = 5) developed stem swelling and axillary shoot 259 proliferation (Fig 2A) , characteristic symptoms of witches' broom disease. On cacao 260 inoculated with the S-biotype WMA5 (n = 5) or controls (n = 8), these symptoms were not 261 observed (Fig 2A) . Less predictably, inoculation of tomato with spores of the C-biotype Cast1 MYEA medium (Fig 1) . One APC3 gel was selected (for high spot count) as the reference to 281 which others were matched using Progenesis PG220 software. On average, 364 (SD, 52) spots 282 on each gel were matched to the APC3 reference. To explore whether similarities between
strains might be evident from the 2-DE gels, we performed multivariate data analyses on the 284 spot volume data. We collated only spots present in all replicate gels of at least one strain, on 285 the assumption that these might be most strain-informative. 286 We first applied PCA to the spot data. As the first two PCs accounted for only 32% of 287 overall variance, pairwise PC scores plots offered limited explanatory power. However, we 288 recruited 68.1% of the data variance by using CVA on the scores of the first eight PCs (Fig 3) .
289
CVA derives linear combinations of variables (here, PCs of the 2-DE data) to produce 290 maximal, and second-to-maximal, separation between defined groups (here, fungal strains) on 291 the first two canonical axes.
292
On the CVA plot (Fig 3) , the slow-growing YB2 culture occupied the most negative region The L-biotype SCFT appeared separate from all other strains on the CVA plot (Fig 3) . For 298 statistical support, we used permutation with 2000 pseudoreplicates on the Mahalanobis 299 squared distance (MD 2 ) between the multivariate data (i.e., scores on eight PCs) for any two 300 defined groups. This non-parametric test confirmed a significant distance between SCFT and 301 the C-and S-biotypes (MD 2 = 33.36; p < 0.01).
302
On the other hand, the S-biotypes APS1 and WMA5 did not associate as a distinct group on 303 the CVA plot, being interspersed with the C-biotypes GC-A5 and PichiE (Fig 3) . Furthermore, 304 the two-group permutation test did not significantly separate the APS1/WMA5 pair from the 305 other biotypes (MD 2 = 5.683; p = 0.06). The proteomic similarity of the S-and C-biotypes 306 could be seen as consistent with the DNA evidence that these biotypes are not phylogenetically 307 distinct (de Arruda et al. 2005; Marelli et al. 2009 ).
308
Certain C-biotypes occurred in proximity on the CVA plot (Fig 3) . One apparent association 309 was Cast1/APC3, and this pair was significantly separated from all other strains in the 310 permutation test (MD 2 = 12.61; p < 0.01). Cast1 and APC3 were isolated over a decade apart in 311 different Brazilian states (Table 1) , but do share the property of being able to infect the cacao 312 clone Scavina 6, which is resistant to many witches' broom strains, including GC-A5 (Shaw plot, and as a pair were significantly separated from all other strains in the permutation test 316 (MD 2 = 12.50; p < 0.01). RNBP1 and YB2 were, again, isolated over a decade apart, but 317 geographically both came from the Western reaches of the Amazon basin (Table 1) .
318

Identification of proteins of M. perniciosa cultures 319
Information on sufficiently abundant proteins on the APC3 and Cast1 C-biotype gels was 320 obtained by MASCOT searches of databases using MS/MS sequences of tryptic peptides from 321 2-DE gel spots (Table 2) . For most queries, an accession from the genus Moniliophthora was (Table 2) 332 was used further, to identify similar transcripts in the WBDTA. Transcripts (MP identifiers) 333 with high identity to the 2-DE spots peptides are in Table 3 . The 14-day-old dikaryotic 334 mycelial cultures library of the WBDTA would be the most comparable to the cultures we 335 analyzed. Table 3 therefore reports expression of the relevant transcripts in this library, as well 336 as the library in which they exhibited maximal expression. Eighteen of the 20 matched genes 337 showed substantial expression in 14-day-old dikaryotic mycelia (over 20% of the maximal 338 expression during the life-cycle), making a relationship to our 2-DE spots plausible (Table 3) . 339 An outstanding feature of the M. perniciosa proteomes (Tables 2-3) was the prominence of 340 putative aldo-keto reductases (AKRs). The AKR superfamily has a common structure and 341 reaction mechanism, involving NADPH-dependent oxido-reduction of carbonyl compounds, 342 but it encompasses diverse functional roles across all phyla (Mindnich and Penning 2009). We 343 found an AKR, spot 1, that was among the most abundant proteins in all cultures (Fig 1) , 344 irrespective of biotype (see Supplementary Fig 2 for (Tables 2-3) . Two of these (16, 17) were moderately abundant in 348 all strains, but spot 4 showed great variability ( Supplementary Fig 2) . Spot 4 was present in all 349 replicates of the C-biotype APC3, but in other strains such as the C-biotype Cast1, it was not 350 detected (Fig 4 inset) . The peptide sequences of spot 4 were found in spot 1 (Supplementary   351   Table 3 ), and each could be matched to an M. roreri accession with a theoretical molecular 352 weight (36.4 kDa) and pI (6.2) similar to the gel estimates for spot 1 (35 kDa, pI 6.5). Spot 4 353 was estimated to have a similar molecular weight (37 kDa) but more basic pI (8.5), suggesting 354 a modified isoform of the same protein. (Tables 2-3) . These included two heat-shock proteins found in all strains (spots 11 and 12). In 375 addition, a 1-cys peroxiredoxin (spot 6) was detected on most gels, generally in high amounts 376 in the faster-growing strains, but showed considerable variability even between replicates 377 ( Supplementary Fig 2) . Peroxiredoxins are widely distributed peroxide-decomposing enzymes 
381
Spot 18 had a negative correlation with growth rate (coefficient -0.78, p < 0.05), being 382 found in greatest abundance in the slow-growing YB2 cultures ( Supplementary Fig 2) . It 383 showed homology to mannitol-1-phosphate dehydrogenase (Tables 2-3 20 was likely a modified version of spot 10, with a similar molecular weight, but slightly less 408 basic pI (Fig 4) . Two isoforms with similar molecular weight and pI were also found in the 409 pathogenic ascomycete Paracoccidioides brasiliensis (Barbosa et al., 2006) .
410
For each of these ubiquitous enzymes, specialized extra functions have been proposed. which appears to play a role in pathogenesis (Ceita et al. 2007; do Rio et al. 2008) . The genes 418 MP02237, MP03476, MP05722, MP05723, MP12535 with similar sequences to these 419 carbohydrate metabolism enzymes (Table 3) all had strong expression in in the WBDTA green 420 broom libraries (252-1955 RPKM) . Cast1 cultures (Fig 4) , whose mycelia may have been in a more advanced developmental state 432 (though basidiome formation was observed in these cultures and has not been reported from 433 any Petri dish cultures). The WBDTA gene most similar to spot 9, MP13610, had strongest 434 expression in basidiome primordia and little in mycelial cultures (Table 3) . Similar comments 435 apply to the putative NAD-dependent epimerase spot 5 (Fig 4) , of unknown function, and its 436 most similar WBDTA gene MP04655 (Table 3) .
437
Other library matches of potential relevance to pathogenesis included a putative nitrilase sufficient abundance on the gels. The sequenced protein spots in Supplementary Fig 2   446 contributed 12.9% of the total variance explored by CVA (Fig 3) . Consequently, the proteomic 447 phenotypes indicated by CVA will remain 'black boxes' until a more comprehensive 448 characterization of the protein populations. Nonetheless this study supports the potential of 449 multivariate analysis and sequence informatics for understanding fungal proteomes. Cultures of geographically diverse M. perniciosa isolates exhibited differences in mycelial and 454 basidiome morphology, and also in rates of saprotrophic growth and fructification, but no 455 biotype-specific characters were observable. In infection experiments, moreover, one of the C-456 biotypes caused symptoms on tomato, a putative S-biotype host. The lack of a clear distinction 457 between C-and S-biotypes also applied at the proteome level, as multivariate analyses of 2-DE 458 spot patterns did not discriminate these two biotypes. These observations accord with genetic 459 studies that failed to separate C-and S-biotypes (De Arruda et al. 2005; Marelli et al. 2009 ).
460
The single L-biotype, however, was statistically different in our proteomic analyses. Convex hulls joining data points from biological triplicate gels are labeled by strain. 
